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© Process for epitaxial deposition of silicone. 

© The present invention relates to a high through- 
put single crystal epitaxial deposition process which 
achieves increased uniformity, both wafer to wafer 
and across the wafer surface. There is provided an 
21 epitaxial deposition process characterized by low- 
^ level cooling periods which minimize temperature 
^•changes between deposition cycles and inter-cycle 
® cleaning so that each new wafer is presented with a 
substantially equivalent deposition environment. 
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PROCESS FOR EPITAXIAL DEPOSITION OF SILICON 



Related Applications 

This invention relates to the epitaxial deposition 
reactor disclosed in a co-pending patent application 
filed October 15. 1987 as Serial No. 108,771 by R. 
Crabb et al, entitled "Chemical Vapor Deposition 
System 11 and a co-pending patent application filed 
June 24, 1987 as Serial No. by Albert Ozias, 
entitled "Improved Reaction Chamber for Chemical 
Vapor Deposition Systems, each of which are in- 
corporated herein by reference thereto. 



Background of the Invention 

According to the present invention there is 
provided a process for epitaxial deposition of sili- 
con. More particularly, the present invention relates 
to a high throughput single crystal epitaxial deposi- 
tion process which achieves Increased uniformity, 
both wafer to wafer and across the wafer surface. 

Conventional epitaxial processes are character- 
ized by cycle times on the order of 30-60 minutes. 
As illustrated by U.S. Patent No. 3,177,100 entitled 
"Depositing Epitaxial Layer of Silicon from a vapor 
mixture of SiH* and H 2 W issued to A. Mayer et al, 
the lengthy cycle time of conventional processes is 
due, in principal, to the need for protracted cooling 
prior to removal of the wafer after the deposition 
reaction. Further delay is occasioned by the con- 
sequent requirement of re-heating the susceptor to 
initiate the subsequent deposition cycle. Repetitive 
changes in the temperature of the susceptor be- 
tween each cycle result from the need to cool the 
susceptor prior to removal from the reaction cham- 
ber. It is well known that these temperature 
changes impart physical stresses which devitrify 
the crystal lattice in both the susceptor and the 
substrate. Discontinuities and flaking may also re- 
sult and further interfere with achieving uniform 
deposition. 

Throughput is, of course, limited by the long 
cycle times. Because the conventional processes 
are plagued by low throughput and long cycle 
times, reactor cleaning is performed only after the 
deposition runs are complete and the reactor may 
be taken out of service. 

Epitaxial layers on semiconductor wafers have 
been fabricated by forming a halogen compound of 
the semiconductor, such as geranium, silicon, or 
the like, then passing its vapors into a reaction 
chamber and reducing the halogen with hydrogen. 
As illustrated in Patent No. 3,177,100, conventional 
processes position the wafer on „a susceptor within 



the reaction vessel; after evacuation, the reaction 
chamber is purged with hydrogen and the suscep- 
tor and wafer are heated to about 1200' C by rf 
induction. This temperature is maintained for about 

5 fifteen minutes in the flowing hydrogen ambient to 
clean the wafer surface of any residual oxides. 
Electrical power to the rf coil is then reduces, 
thereby reducing the temperature of the wafer and 
susceptor to within the range of about 1000' C to 

io 1150- C. Silane. SiH*. mixed with hydrogen is 
then introduced into the reaction chamber. De- 
composition of silane in accordance with the equa- 
tion: 

SiHi - Si + 2H 2 

75 which deposits an epitaxial layer of silicon on the 
wafer. The rate of deposition depends, of course, 
upon the concentration of silane in the reaction 
vessel and the temperature of the susceptor. Since 
the deposition rate is temperature dependant, it is 

20 important that the wafer be exposed to substan- 
tially uniform temperature profile during the deposi- 
tion run. N or P doping of the silicon may be 
achieved by incorporating the dopant into the reac- 
tant gas flow. 

25 Alternative conventional processes are de- 
scribed E.O. Ernst et al in U.S. Patent No. 
3,424,629 entitled "High Capacity Epitaxial Appara- 
tus and Method" and by V.Y. Doo and E.O. Ernst 
in "A Survey of Epitaxial Growth Processes and 

30 Equipment." SCP and SOLID STATE TECHNOL- 
OGY , Oct, 1967, pp 31-39. One alternative process 
utilizes silicon tetrachloride, SiCU, as the reactant 
species in a hydrogen flow. Silicon tetrachloride 
decomposes according to the following reaction: 

35 SiCU + 2H 2 - Si + 4 HCI 

which may produce side reaction products depend- 
ing upon reactant concentration, temperature, pres- 
sure and reactor geometry. This process is char- 
acterized by virtually identical time, temperature 

40 and pressure profiles as the reaction process with 
silane. 

A summary of the deposition run cycle is pro- 
vided in United States Patent No. 3,424,629 as 
follows: 

45 1) Wafers loaded into the reaction chamber; 

2) Argon purge at 10 standard liters/minute 
(slm) for 9 minutes (min.); 

3) Hydrogen purge at 25 slm for 10 min.; 

4) Rf heating of susceptor to 1200* C; 

so 5) Hydrogen etch for 15 min. to remove 

oxides; 

6) Silicon deposition for 6-14 min., depend- 
ing upon thickness specification at a deposition 
rate of 0.8 uUmin. 
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7) Maintain wafer temperature at 1200* C 
for 3 min. 

8) Hydrogen purge; 

9) Cool wafers in hydrogen for 10 min.; 

10) Cool wafers in argon until wafers reach 
room temperature for handling; 

11) Remove wafers from reactor. 

The total running time for a typical run was 
seventy-five minutes. Other reactant species, such 
as SiHCIl3. SiCl2 or similar halogenated silicon 
compounds, may be employed. 

. It will, therefore, be appreciated by those 
skilled in the art that protracted deposition run 
cycle times are characteristic of the conventional 
epitaxial deposition processes. Factors contributing 
to the long cycle times include the need to cool the 
wafers to room temperature prior to handling and 
the corresponding need to re-heat the reaction 
chamber for a subsequent deposition run. 

Thus, it has been found that a new process 
was required to. alleviate these limitations of the 
conventional processes. According to the present 
invention, there is provided an epitaxial deposition 
process characterized by low-level cooling periods 
which minimize temperature changes between de- 
position cycles and inter-cycle cleaning so that 
each new wafer is presented with a substantially 
equivalent deposition environment By limiting the 
need for lengthy cool down, providing for inter- 
cycle cleaning and modulating gas usage, the pro- 
cess of the present invention achieves higher sin- 
gle crystal epi growth rates that the conventional 
processes. The single crystal produced thereby is 
characterized by a more uniform crystal lattice in 
each wafer and wafer-to-wafer. 



Summary of the Invention 

Thus, it Is an object of the present invention to 
provide a process for epitaxial deposition of silicon 
which results in shorter deposition cycle times that 
the conventional processes. 

It is a further object of the present invention to 
provide a process for epitaxial deposition of silicon 
which reduces temperature changes in the suscep- 
tor and in the wafer during the cool down period 
prior to removal from the reactor. 

It is still a further object of the present inven- 
tion to provide a process for epitaxial deposition of 
silicon which employs inter-cycle reactor cleaning. 

It is another further object of the present inven- 
tion to provide a process for epitaxial deposition of 
silicon which achieves higher growth rates than that 
achieved by the conventional processes. 

These and other objects hereinafter disclosed 
will become more apparent to those skilled in the 



art from the following more detailed description of 
the preferred embodiment of the present invention, 
in the accompanying drawings like features are 
identified by like reference numerals. 

5 

Brief Description of the Drawings 

Figure 1 is a process flow diagram of the 
10 deposition process cycle of the present invention, 
showing on an Xt-axis thereof the step time, on an 
X2-axis thereof the cumulative cycle time, on the 
Yi-axis thereof showing gas usage and on the Y 2 - 
axis thereof showing temperature. 

75 

Detailed Description of the Preferred Embodiment 

According to the present invention there is 

20 provided an epitaxial deposition process for making 
semiconductor wafers. The present process relates 
to a single-wafer process which exposes each wa- 
fer to substantially identical reaction environments 
run to run. After deposition in a reactor such as that 

25 disclosed in the co-pending applications by R. 
Crabb et al. Serial No. 108,771, and Albert Ozias, 
Serial No. , a controlled low-grade cooling of 
the reaction chamber is conducted and the reacted 
wafer removed. After removal of the reacted wafer 

30 from the susceptor and the reaction chamber it is 
transferred to an interlock for cooling in a non- 
oxidizing environment of nitrogen or hydrogen. 
While the reacted wafer is cooling, the epi reactor 
is re-heated for a susceptor etch and a subsequent 

35 chamber etch. After cleaning the susceptor and 
chamber, the reaction chamber is again subjected 
to a low-grade cooling for loading of another wafer 
for a subsequent deposition run. 

This process permits both unloading and load- 

40 ing of wafers while the reaction chamber and 
susceptor are at an elevated temperature. Introduc- 
tion of the wafer into the heated reaction chamber 
minimizes the power required to elevate the cham- 
beMo deposition temperatures. Unloading of the 

45 wafers at an elevated temperature and controlled 
cooling in an interlock minimizes thermal stresses 
and crystal lattice devitrification of the deposited 
epitaxial layer and underlying substrate. Decreased 
cycle times are an additional benefit derived from 

so isolating the reaction chamber from the wafer han- 
dling area. 

Moreover, inter-cycle etching of both the 
susceptor and reaction chamber has been found to 
* equalize the reaction environment to which each 
55 wafer is exposed. Greater deposition uniformity, 
both wafer to wafer and across each wafer, has 
been found when deposition is carried out accord- 
ing to the present invention. Furthermore, substan- 
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tial reductions in cycle time, gas usage and power 
usage have been achieved by the present process. 

A preferred embodiment of the present pro- 
cess is illustrated in the accompanying Figure 1. It 
will be understood by those skilled in the art that 
the process profiles illustrated by the preferred 
embodiment are exemplary in nature, and are not 
intended to be, nor should they be construed to be, 
limiting of the scope of the present invention. Rath- 
er, it is the sequence of steps in the process which 
provides, in significant part, the advantages of the 
present process over known epi processes. In Fig- 
ure 1, temperature 10, H 2 flow 20 and HCI flow 25 
are depicted according to the designations set forth 
in Figure 1 . 

Daily reactor start-up procedures 30 include 
purging the reactor with nitrogen flowing at 4 slm 
for fifteen seconds, followed by a nitrogen purge 
with 30 slm N 2 for ninety seconds. The chamber is 
then purged of nitrogen, by flowing hydrogen into 
the chamber at 30 slm for a period of ninety 
seconds. During the hydrogen purge initial rf-heat- 
ing raises the susceptor temperature from about 
50' C to about 900" C. It has been found, accord- 
ing to the preferred embodiment of the present 
invention, that initial heating is best achieved by an 
initial application of power, followed by alternating 
power reduction and application of gradually dimin- 
ishing magnitude. By fluctuating power usage dur- 
ing the initial heating of the reactor, a more uniform 
temperature gradient is established in the reaction 
chamber and susceptor. 

After reactor start-up 30 is complete, the reac- 
tor is run in its auto-loop mode 40. which continu- 
ously cycles wafers through the deposition process 
until the daily run is complete. 

A wafer, which has been preferably been pre- 
loaded into the interlock disclosed in the co-pend- 
ing application R. Crabb et al, Serial No. 108,771, 
is loaded onto the susceptor at 900* C. After a 
hydrogen purge at 30 slm for fifteen seconds, the 
wafer and susceptor are exposed to a forty-five 
second heat ramp which increases their tempera- 
ture from 900* C to 1190* C. Again, a uniform 
temperature increase is achieved by fluctuating 
power to the rf coils. A sixty second hydrogen bake 
under 20 slm hydrogen is employed, after which 
the wafer is etched with HCI for a period of thirty 
seconds to eliminate semiconductor oxides from 
the wafer surface. 

After wafer etching, the chamber is purged with 
hydrogen while power is reduced to lower the 
temperature of the susceptor and wafer from 
1190* C to 1135* C in thirty seconds. With the 
HCI gas flow continuing, SiHCIa is introduced into 
the reactor at a rate of about 12-20 gm/min. Single 
crystal epitaxial growth proceeds at a rate of about 
5.0 u-min. Epi growth is conducted for a period of 



time until thickness is at specification. Experimental 
testing conducted epi growth for two minutes which 
grew 10 of single crystal silicon. 

The deposition reaction is halted by purging 

5 the reaction chamber with hydrogen for twenty- 
seconds and the wafer and susceptor are cooled 
from 1130" C to 900* C in a hydrogen atmo- 
sphere for forty seconds. When the wafer has 
reached 900* C it is removed from the susceptor 

w and unloaded from the reaction chamber to the 
interlock. After the wafer is unloaded from the 
reaction chamber, the chamber is sealed thereby 
isolating the reaction chamber from the wafer han- 
dling area. After the wafer is unloaded from the 

75 reaction chamber, the chamber is purged with hy- 
drogen, to which a high flow of an etchant gas. 
such as HCI, is added at about 20 slm. to the 
hydrogen carrier flow for a susceptor etch. After 
the susceptor etch, a dilution/flow ramp is estab- 

20 iished whereby the HCI flow is continued and hy- 
drogen flow is increased from 20 slm to 100 slm 
over twenty seconds to etch the reactor chamber 
of accumulated residues. After cleaning the 
susceptor and reactor, the reactor is purged with 

25 hydrogen at 100 slm. 

The final hydrogen purge at 100 slm is the final 
step of the run cycle and prepares the reactor for a 
subsequent deposition run and the repetition of 
auto loop 40. Epitaxial deposition of silicon carried 

30 out in accordance with the present invention offers 
greater thickness and resistivity uniformity. The fol- 
lowing example is for illustrative purposes, and is 
not intended to limit the present invention. 

In the processing of over 2.000 150 mm wafers 

35 in accordance with the inventive process and in the 
epitaxial reactors disclosed in the co-pending pat- 
ent applications by R. Crabb et al. Serial No. 
108,771, and Albert Ozias. Serial No. , as 
heretofore described, substantial uniformity of the 

40 crystal lattice has been achieved. In particular, P + 
substrates were 100% slip free, while N+ sub- 
strates were mostly slip free with slip lines re- 
stricted to an outer 3 mm exclusionary zone on the 
substrate. 

45 The efficacy of the inventive process, and in 
particular the high-temperature wafer handling and 
inter-cycle etching, was examined with reference to 
run-to-run uniformity and uniformity across the wa- 
fer surface. Run-to-run uniformity was examined by 

so comparing thickness variations on a run-to-run ba- 
sis. Fifty runs were examined and thickness vari- 
ations were limited to between about ± 0.9% to t 
1.6% over the entire fifty runs. Resistivity and 
thickness variations from a single run was also 

55 measured. Resistivity was measured at varying dis- 
tances from the center of the wafer and varied by 
no more than t 1.5%. Similarly, thickness vari- 
ations across the wafer surface were also mea- 



4 



7 



EP 0 296 804 A2 



8 



sured at varying distances from the center of the 
wafer and wafer thickness varied by no more than 
i 1.4%. 

When the dual-height reaction chamber dis- 
closed in the co-pending patent application by Al- 
bert Ozias, Serial No. . was used with the 
present process, depletion of the reactants from 
the reactant gas flow was maintained at about £ 
20% across the wafer surface with increase growth 
rates. Thus, reactant depletion was kept within that 
achieved by conventional reactors, but with in- 
creased epitaxial growth rates. Furthermore, a sig- 
nificant reduction in wall deposits was noted, there- 
by rendering inter-cycle etchings feasible. It will be 
appreciated, by those skilled in the art, that the 
increased epitaxial growth rate, coupled with the 
high throughput capabilities and maintenance of a 
constant run-to-run environment, as achieved by 
the present process, represent an important ad- 
vancement in the art of epitaxial deposition. 

While the invention has been particularly de- 
scribed with reference to the preferred embodi- 
ments thereof, it will be understood and appre- 
ciated by those skilled in the art that changes in 
reaction conditions, reactants or materials are con- 
templated within the scope of the present invention. 

Claims 

1 . A process for epitaxial deposition of a semi- 
conductor material onto a substrate, comprising the 
steps of: 

loading the substrate onto a susceptor in a 
deposition reactor reaction chamber at en elevated 
temperature; 

purging the deposition reactor of ambient 
gases while simultaneously heating the deposition 
reactor to a temperature greater than deposition 
temperature; 

etching the semiconductor wafer with an 
etchant gas to remove impurities from its exposed 
surface; 

purging the deposition reactor of said etchant 
gas while simultaneously reducing the temperature 
of the deposition reactor to deposition temperature; 

flowing a gaseous stream of a reactant 
semiconductor species into the deposition reactor, 
thereby depositing said reactant semiconductor 
species onto said exposed surface of said semi- 
conductor wafer; 

purging the deposition reactor of ambient 
gases while cooling the deposition reactor to said 
elevated temperature; and 

unloading the semiconductor wafer having said 
reactant semiconductor species deposited there- 
upon. 



2. The process according to Claim 1, wherein 
said step of loading the substrate, further com- 
prises the step of loading the substrate onto a pre- 
heated susceptor in the deposition reactor at a 

5 temperature in the range of about 600* C to about 
1000* C. 

3. The process according to Claim 1, wherein 
said step of purging the deposition reactor of am- 
bient gases while heating the deposition reactor 

io further comprises the step of heating the susceptor 
and deposition reactor to a temperature in the 
range of about 1150* C to about 1200* C. 

4. The process according to Claim 1 , wherein 
said step of etching the substrate further comprises 

is the step of flowing HCl doped hydrogen gas across 
the substrate at a rate of about 60 to about 100 
standard liters per minute. 

5. The process according to Claim 4, wherein 
said step of etching the substrate further comprises 

20 the step of providing hydrogen gas having about 
0.3 to about 1.5 volume percent HCl doped therein. 

6. The process according to Claim 1 . wherein 
said step of purging the deposition reactor of said 
etchant gas further comprises the steps of purging 

25 the deposition reactor with hydrogen gas and re- 
ducing the temperature of the susceptor and depo- 
sition reactor to about 1135* C. 

7. The process according to Claim 1, wherein 
said step of flowing a gaseous stream of a reactant 

30 semiconductor species into the deposition reactor 
further comprises the step of flowing SiHCb into 
the deposition reactor and across the substrate 
surface. 

8. The process according to Claim 7, wherein 
35 said step of flowing SiHCb into the deposition 

reactor further comprises the step of flowing SiHCb 
into the deposition reactor at a rate of about 12 to 
about 20 gm/minute. 

9. The process according to Claim 1, further 
40 comprising the steps of: 

sealing the deposition reactor chamber from a 
wafer handling area of the deposition reactor; 

flowing an etchant gas into the deposition 
reactor chamber in a carrier gas while heating the 
45 deposition reactor to a temperature greater than 
deposition temperature; 

etching said susceptor and said deposition 
reactor with said etchant gas to remove substan- 
tially all reactant semiconductor species deposited 
so thereupon; and 

purging the deposition reactor of ambient 
etchant gas while simultaneously cooling the 
susceptor and deposition reaction chamber to said 
elevated temperature, thereby preparing the depo- 
se sition reactor for a subsequent deposition run. 
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10. The process according to Claim 9, wherein 
said step of flowing an etchant gas reactor further 
comprises the step of flowing HCI doped hydrogen 
gas into the deposition reactor at a rate of about 20 
standard liters per minute. 5 

11. The process according to Claim 10, 
wherein said step of etching said susceptor and the 
deposition reactor further comprises the step of 
providing hydrogen gas having about 0.3 to about 

1 .5 volume percent HCI doped therein. io 

12. The process according to Claim 9, wherein 
said step of flowing an etchant gas further com- 
prises the steps of etching said susceptor with HCI 
doped hydrogen gas flowing at about 20 standard 
liters per minute and, thereafter, increasing the flow 75 
of HCI doped hydrogen gas to about 100 standard 
liters per minute to etch the deposition reactor. 
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